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@ Feline interferon and process for production thereof by a silkworm virus vector. 

(g) A recombinant silkworm nuclear polyhedrosis virus containing DNA coding for a protein of feline interferon; 
the recombinant virus is constructed by cotransfection a recombinant plasmid having a gene coding for a protein 
of feline interferon and a silkworm nuclear polyhedrosis virus DNA into established silkworm cells, and cloning 
the desired recombinant virus. The recombinant virus is useful for a mass-production of feline interferon. 
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FELINE INTERFERON AND PROCESS FOR PRODUCTION THEREOF 



BACKGROUND OF THE INVENTION 



1. Fieid of the Invention 

5 

The present invention relates to a recombinant silkworm virus containing feline Interferon (FelFN) gene, 
FelFN produced by using the recombinant virus, and a process for the mass-production of FelFN in which 
the primary structure of the protein is derived from feline genetic information, as a medicine (antiviral drug) 
by a gene manipulation technology. 

10 

2. Description of the Related Art 

An Interferon is a physiologically active substance whose main ingredient is a protein showing an 
75 antiviral activity, and is abbreviated as IFN. Much literature on the interferon has been published; for 
example, Reference 1. 

The continuing progress made in gen© manipulation technology has made possible the mass- 
production of not only human IFN but also IFN's of animals such as cattle, horses, and dogs, etc.. and as a 
result, exploitative researches into the use of IFN as a remedy for viral diseases, tumors, etc., are underway 
20 with respect to some animals. 

With respect to felines, interferon-a, -fi, and -7 have been reported (Reference 1), but there has been 
no report that the mass-production of a feline IFN is possible by the application of gene manipulation. 

Many feline viral diseases are known, and include feline AIDS, feline leukemia, feline viral 
rhinotracheitis, feline caliciviral disease, and feline infectious peritonitis, and a report has been made on a 
25 case in which the life of a cat infected with feline leukemia virus (FeLV) was prolonged by the oral 
administration of human IFN-a or bovine IFN-^. If the IFN is administered not orally but by an internal 
injection, however, it Is feared that the production of a neutralizing antibody against a heterologous IFN will 
occur, although a more striking effect is expected. If a homologous IFN, i.e., FelFN, becomes readily 
available, it is expected that the FelFN will be able to be used as an antiviral agent and an antitumor agent 
30 for felines. 



SUMMARY OF THE INVENTION 

35 

In view of the above circumstances, the present inventors carried out in-depth investigations into the 
possibilities of mass-producing an FelFN, and as a result, prepared a feline cDNA library by using a 
commercially available plasmid vector, from which tiiey successfully isolated a plasmid capable of 
producing an FelFN by a transient expression of simian cultured cells. Furthermore, the inventors 
40 succeeded In preparing a recombinant virus constructed by recombining a DNA of the silkworm virus with a 
DNA coding for FelFN, proliferating the recombinant virus in established silkworm cells or in the body of 
silkworm, and simply mass-producing the FelFN. 

Accordingly, the present invention provides a recombinant silkworm virus wherein the silkworm virus is 
recombinant with a DNA coding for the protein of FelFN. 
45 The present Invention also provides a process for the production of a recombinant silkworm nuclear 
polyhedrosis virus, comprising the step of cotransfecting an established silkworm cell with a recombinant 
plasmid containing a gene coding for the protein of FelFN and a silkworm nuclear polyhedrosis vinjs DNA. 

The present Invention further provides a process for the production of FelFN, comprising the step of 
growing the recombinant silkworm nuclear polyhedrosis virus. 
50 The present invention also provides FelFN prepared by the above-mentioned process. 

Furthermore, the present invention provides a process for the purification of FelFN, comprising the 
steps of purifying the FelFN by column chromatography. 



BRIEF EXPLANATION OF THE DRAWINGS 
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Figure 1 represents a restriction map of plasmid pFelFNI comprising a DNA coding for the protein of 
FelFN; 

5 Fig. 2 represents a process for the construction of a recombinant plasmid pBmFelFNI comprising a DNA 
coding for the FelFN; 

Fig. 3 represents a process for the construction of recombinant plasmids pBmFetFN2-1, pBmFelFN2-2 
and pBmFelFN 2-3, comprising a DNA coding for the FelFN; 

Rg. 4 represents 5 -terminal nucleotide sequences Including a initiation codon ATG of DNAs coding for 
70 the FelFN and present in the recombinant plasmids pBmFelFNI, pBmFelFN2-1, pBmFelFN2-2, and 
pBmFelFN2-3; 

Fig. 5 represents a process for the construction of a recombinant plasmid pYU871 comprising a DNA 
coding for the FelFN; and 

Fig. 6 represents a nucleotide sequence coding for the FelFN and a corresponding amino acid sequence 
75 of the FelFN. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 A cDNA library is prepared according to a conventional procedure using E. coli as a host, poiy(A)* RNA 
as a substrate, and a reverse transcriptase. 

As a source of poly (A) RNA, feline cells, for example, established cultured cells such as LSA 
(Reference 1) are conveniently used, although other cells may be used. To obtain poly(A) RNA from 
cultured cells, the yield of poly (A)* RNA is conveniently improved by selecting an interferon inducer 

25 suitable for the cells, and applying the inducer to the cells. For example, for LSA cells, NDV (new castle-^ 
disease virus) or TPA (12-0-tetradecanoylphorbo! 13-acetate) is used as an inducer during the culturing of 
the cell, whereby the yield of poly(A)* RNA is remarkably increased. As a plasmid vector, a vector having 
an expression mechanism for animal cells and capable of representing in E. coli cells, for example, a 
commercially available vector such as Okayama-Berg vectors from Pharmacia, can be conveniently used. 

30 As the host ceils, E. coli K12 cells may be used. 

To clone the "plasmid containing cDNA coding for the FelFN, a cDNA is screened by using it to 
transfect simian established ceils C0S1 or C0S7 and selecting a plasmid which provides the C0S1 or 
G0S7 cells with an ability to express an anti-viral activity by transient expression. The transient expression 
of the FelFN by a plasmid can be carried out by a conventional procedure such as the DEAE-dextran 

35 method or calcium phosphate method. A plasmid thus selected and having a desired activity is pFelFNI, 
and E. coli transformed with this plasmid was deposited with the Fermentation Research Institute Agency of 
InduiTraf^cience and Technology (FRI), on December 23. 1987. as E coli (pFelFNI) FERM BP-1633). The 
plasmid pFelFNI is 4.3 kb in size, and has a restriction map as shown in Rg. 1. 

A recombinant silkworm nuclear polyhedrosis virus of the present invention can be constructed as 

40 follows. A plasmid is extracted from E. coli (pFelFNI), DNA coding for FelFN protein is removed from the 
plasmid, and the DNA Is inserted into~a cloning vector for silkworm (Reference 2) to prepare a recombinant 
plasmid. Next, the recombinant plasmid is cotransfected with silkworm nuclear polyhedrosis virus DNA Into 
established silkworm cells, to construct the recombinant virus. Accordingly, the present recombinant virus 
can be constructed in-vivo. 

45 More specifically plasmid pFelFNI is extracted from E. coli transformant FERM BP-1633 by a 
conventional procedure as described in Reference 3, a DNA. "coding for FelFN is removed from the 
plasmid, and inserted downstream of an expression control region of a cloning vector for silkworm, such as 
pBM030 (Reference 2), to construct a recombinant plasmid. This recombinant plasmid and silkworm nuclear 
polyhedrosis virus DNA (Reference 2) are cotransfected into established silkworm cells such as BM-N cells 

50 (Reference 2). which are then continuously cultured to obtain a culture medium containing a non- 
recombinant (wild type) virus and a recombinant virus. The recombinant virus is cloned by a conventional 
procedure such as a limiting dilution method or plaque method. Since recombinant virus does not have the 
ability to form polyhedra, it can be easily distinguished from a wild type virus. 

To produce FelFN, the recombinant silkworm nuclear polyhedrosis vims is cultured in established 

55 silkworm cells or in the body of a silkworm. 

Where established silkworm cells are used, BM-N cells are inoculated to a culture medium containing 
the above-mentioned recombinant virus, and the cells aie -^itured by plate culture or suspension culture. 
BM-N cells, for example. TC-10 medium (Reference 4) supplemented with fetal bovine serum, are cultured 
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at a temperature of, preferably, 25'C to 28' C. and after the cuituring. the culture broth is centrifuged to 
obtain a supernatant from which FelFN is recovered. 

Where the body of a sili<worm is used, a culture medium containing the above-mentioned recombinant 
virus is injected into silkworms, which are then kept on mulberry leaves or artificial feed. After the keeping. 
6 the body fluid is obtained from silkworm, and a supernatant from the body fluid is used to recover FelFN. 

The recombinant silkworm nuclear polyhedrosis virus can be inactivated by incubating at a pH of 1 to 4 
and at 4* C, for one day. 

The FelFN thus produced can be purified by a conventional procedure, for example, column 
chromatography. Also, for example, affinity chromatography are used. Particularly, the affinity chromatog- 
70 raphy preferably uses a carrier to which a blue pigment is bound (blue carrier), or a canrier to which copper 
is bound through a chelate linkage (copper chelate carrier). Although these carriers are used alone, 
preferably they are used in combination to improve the efficiency of the purification. In particular, a 
sequence of chromatography using a blue carrier and chromatography using a copper chelate carrier is 
preferably used. 

75 As blue carriers, the following are used. The blue pigment is given the general name of CI reactive blue 
2. As examples thereof, a blue pigment marketed by Ciba-Geigy under the tradename of "Cibacron Blue 
F3GA" or "Cibacron Blue 3GA" and the like can be enumerated. As blue carriers to be used in 
chromatography, blue agarose gels mari<eted under the tradenames of "Blue Sepharose CL-6B" 
(Pharmacia Inc.) "Matrix Get Blue A" (Amicon inc.). "Affigel Blue" (Biorad Inc.), etc., and blue cellulose gels 

20 marketed under the tradenames of "Blue Trisacryl M" (LKB Inc.), "Blue Gellulofine" (Chisso Corp.), etc., are 

suitable and readily available. 

As the copper chelate carrier, those prepared by treating carriers composed of exchangers having a 
chelating ability, e.g., biscarboxymethylamine group t-N(CH2COOH)2] and the like, and bonded to agarose, 
cellulose, polyacrylamide gel and the like with a solution of copper salt such as copper sulfate and the like 
25 can be enumerated, and among these carriers, an insoluble polysaccharide carrier such as "Chelating 
Sepharose" (manufactured by Pharmacia Inc.) or the like chelated with copper is preferably used. 

The purification of an FelFN by chromatography is canied out as follows. First, a solution containing 
FelFN is adsorbed on the above canrier by contact. This adsorption may be carried out by either the batch 
method or column method, but the column method yields a higher adsorption efficiency. Then, the 
' 30 adsorbed FelFN is eluted with an eluent. 

The elution of the adsorbed FelFN from the blue carrier is dependent on the pH value, the ionic 
strength, and the hydrophobicity of an eluent to be used. For example, the adsorbed FelFN is eluted at a 
pH of 6 to 7 at a higher ionic strength. The ionic strength can be increased by raising the concentration of a 
buffer such as a phosphate buffer, acetate buffer, citrate buffer, borate buffer or the like, or by the addition 
35 of a neutral salt such as sodium chloride, potassium chloride or the like (0.2 to 1 .OM). Where an eluent 
contains a solvent such as ethylene glycol, propylene glycol or the like, that weakens the hydrophobic 
interaction, an elution at a pH of 5 to 7 is possible. 

The elution of the adsorbed FelFN from the copper chelate carrier is usually carried out with an acidic 
buffer such as a phosphate buffer, acetate buffer, citrate buffer or the like, preferably at a pH of less than 5, 
40 but an elution at a much higher pH is possible at a higher ionic strength. 

The composition, the concentration and the amount of an eluent is not particularly restricted. Namely, a 
composition effective for removing impure proteins contained in a crude FelFN, a concentration required to 
maintain the pH, and the amount of an eluent required to substantially recover the adsorbed FelFN are 
employed. 



EXAMPLES 

Hereinafter, the present invention will be described in more detail with reference to examples. 



Example 1 



55 (1) Preparation of Feline cDNA Library 

A feline cell LoA-D4-K17 (Reference 1) as a donor of poly(A)^ FrA,. as proliferated by a spinner 
culture in 200 ml of an MEM-L15 medium (50% Eagle's MEM - 50% Leibovitz medium) containing 10% 
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FBS. When the cell concentration reached 10^ to 10^'ml. TPA (12-0-tetradecanoylphorbol 13-acetate 
manufactured by Sigma Chemical Co.) was added, to a final concentration of 5 ng/ml, and after continuing 
the incubation for a further 20 hours, the cells were harvested by centrifugation. Poly(A) RNAs w^re 
extracted from the harvested cells by a modified guanidiumthiocyanate method. 

5 Namely. 3 to 5 x 10^ cells were suspended in 20 ml of 5 mM sodium citrate-0.5% sodium sarkosyl-0.1 
M mercaptoethanol-6 M guanidiumthiocyanate and then homogenized by pipetting in and out the suspen- 
sion with a 18 G injection needle 10 times. After pouring 1/3 vol. of 0.1 M EDTA (pH 7.5)-5.7 M CsCI into a 
polyaroma centrifugal tube, the cell homogenate was layered thereon, the tube and contents were then 
centrifuged at 35.000 rpm at 20" C for 20 hours in a Hitachi RPS40T rotor, and RNA fractions packed at the 

10 bottom of the tube were dissolved in 1 ml of TE (10 mM Tris-HCI-1 mM EDTA. pH 7.5). After mixing the 
solution with 0.1 ml of 3 M sodium acetate solution, the mixture solution was further mixed with 2.5 vol. of 
cold ethanol and then allowed to stand at -20 *C for 2 hours. A pellet formed at the bottom of the tube by 
centrifugation was dissolved in 1 ml of TE. incubated at 65*0 for 4 minutes, and then ice-cooled. After 
adding 1 ml of TE to the pellet treated as above, an equivalent volume of 1.0 M NaCI was mixed therein. 

75 The resultant mixture was passed through a column packed with 0.5 ml of oligo(dT) cellulose (type 3. 
manufactured by Collaborative Research Inc.) equilibrated with 0.5 M NaCI-TE to make poly(A) ^ RNAs 
absorb on the column. After washing the column with 10 ml of 0.5 M NaCl-TE. the adsorbed poly(A) RNAs 
were eluted with 5 ml of TE. The poly(A)* RNAs peiletlzed according to the ethanolic precipitation method 
were dissolved in 30 ul of TE and preserved at -80 ' C. and 300 ug of poly (A) RNA was obtained from 7 x 

20 10^ cells. * u 

The connection of a poIy(A) RNA to a piasmid vector, and the synthesis of cDNA. were carried out by 
using commercially available piasmid primers and linkers. Namely, 5 nl of 5 mg/ml poly(A) RNA was 
poured into a 1.5-ml Eppendorf tube, and water was then added until the total volume reached 20 ul. After 
incubating the resultant solution at 65' C for 3 minutes, the incubated solution was cooled to room 

25 temperature. To this incubated solution were added 4 ul of 0.3 M Tris'HCl buffer (pH 8.3)-80 mM MgQb- 
0 3 M KCt-3 mM dithiothreitol. 2 ug (3 of oligo(dT)-tailed pcDVI piasmid primer (manufactured by 
Pharmacia Inc.). 4 ul of mixture of each 25 mM dATP. dTTP. dGTP and dCTP. 2 ul of 10 mCi/ml [a-^^P]- 
dCTP. 3 til of water, and 4 ixl of 18 unit/ul reverse transcriptase (manufactured by Seikagaku Kogyo Co.. 
Ltd.) in this order. The thus-prepared solution was incubated at 42* C for 1 hour, to can^ out the enzymatic 

30 reaction, and after terminating the reaction by the addition of 4 ui of 0.25 M EDTA and 2 ul of 10% SDS. 
phenol-chloroform extraction was carried out. Thereafter. 40 al of 4 M ammonium acetate and 160 ul of 
ethanol were added to the separated aqueous layer obtained by phenol-chloroform extraction, and then 
cooled in dry ice for 15 minutes. The thus-treated aqueous layer was warmed to room temperature and 
then centrifuged in a microcentrifuge for 10 minutes. After decanting the supernatant, the pellet was 

35 dissolved in 20 ul of water, and to the resulting solution were added 20 ul of 4 M ammonium acetate and 
80 Ul of ethanol, to again carry out the ethanol precipitation. The resultant pellet was washed with ethanol, 

dried, and then dissolved in 10 ul of water. 

Then, to the resulting solution, were added 2 ul of 1.4 M sodium cacodylate-0.3 M Tns-HCI buffer (pH 
6 8)-1 mM dithiothreitol. 1 ul of 200 ug/ml polyadenylic acid manufactured by Seikagaku Kogyo Co., Ltd.) 1 

40 ul of 20 mM C0CI2 . 1 .4 ul of 1 mM dCTP. and 0.5 ul of 400 Ci/mmot (10 mci/ml)[a-32p]dCTP, in this order. 
After adding water until the total volume of the solution reached 20 ul, 0.8 ul of 27 unit/ul terminal 
nucleotidyl transferase was added thereto. The mixture solution was incubated at 37 C for 5 minutes and 
the enzymatic reaction was terminated by placing the solution on ice. The number of dCMP residue added 
to the terminal was calculated to be 12 on average. Thereafter, nucleic acids were recovered from the 

45 reaction solution by the phenol-chloroform extraction method and double ethanol precipitation method. 

These nucleic acids were dissolved in 40 ul of 10 mM Tris-HCl (pH 8.0)-60 mM NaCI-10 mM MgCb-l 
mM 2-mercaptoethanol solution, to which 10 units of Hindlll restriction enzyme was added, and after 
incubating the thus-prepared solution at 37'C for 3 hours. DNAs were recovered by the phenol-chloroform 
extraction and double ethanol precipitat'on. The recovered DNAs were then washed with ethanol, dried, and 

50 dissolved in 1 0 ul of TE buffer. 

To the resulting solution were added 5 ul of 2 M NaCt. 81 ul of TE buffer and 4 ul of commercially 
available 3 -oligo(dG)-tailed pLI linker (manufactured by Pharmacia Inc.). in this order, and after heating the 
mixture solution first at 65* C for 5 minutes and then at 42' C for 1 hour, the solution was ice-cooled. Then, 
to the ice-cooled solution. IOO ul of 0.2 M Tris'HCI buffer (pH 7.5)-40 mM MgClz-O.I M ammonium sulfate- 
55 1 M KCl. 7 Ul of 14 mM )3-NAD, 50 ul of 1 mg/ml bovine serum albumin solution, and 6 ul of 1 mg/ml E. 
coli DNA ligase were added, in this order, and then water was added to bring the total volume to 1 ml. The 
re?ultant soluticn was ircubated overnight at 12 C. 

Then, to this reaction solution were added 2 ul of a mixed solution of each of 25 mM dATP. dGTP. 
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dTTP and dCTP. 3 ul of 14 mM ^-NAD. 0.7 ul of 35 unimi E. coli DNA polymerase I (manufactured by 
Takara Shuzo Co.. Ltd.). 2.4 ul of 2.5 unit/ul E coli RNase H (mahufactured by Takara Shuzo Co., Ltd.). and 
4 ul of 1 mg/ml E coii DNA ligase. in this order. After incubating the thus-prepared solution, first at 12' C 
for 1 hour and then at 25* C for 1 hour, the reaction solution was preserved at -20* C. 
5 After carrying out the transformation reaction by adding 100 ul of the preserved reaction solution to 1 
ml of a suspension of E coli MCI 061 (Reference 6), which was made to be competent according method of 
Reference 5, this reaction solution was poured into 250 ml of an LB medium containing 100 ug/ml ampicillin 
and then incubated overnight at 37* C. 0.7 ml of DMSO was added to 10 ml of this culture, and this portion 
was preserved at -80* C as a cDNA library. 

10 

(2) Cloning 

A portion of the thus-prepared cDNA library solution was spread on ten 9-cm diam. LB plates in such a 
15 manner that 1 ,000 to 2.000 colonies were fonmed in each plate, and after Incubating these plates overnight 
at 37' C, the grown colonies were scraped off each petri dish and suspended in 10 ml of LB media, 
respectively. Thereafter. 3 ml of this suspension was mixed with 0.21 ml of DMSO and then cryopreserved. 
The remaining suspensions were respectively mixed with 100 ml of LB media containing 100 ug/ml 
ampicillin and then incubated overnight at 37* C. Thereafter, cells were harvested from the respective 
20 culture media, and plasmids were extracted and purified from the harvested cells according to the method 
of Reference 3. Then 30 ug of each these plasmids were subjected to the transient expression of COSI 
cells (Reference 7) proliferated to the confluent state in 9-cm petri dishes by applying the DEAE dextran- 
transfection method whereby the FelFN-producing ability of the respective piasmid DNA samples was 
determined. 

25 Namely, after proliferating C0S1 cells to the confluent state in 20 ml of an RPMI1640 (manufactured by 
GiBCO Inc.) medium containing 10% FBS in a 9-cm diam. petri dish, the medium was removed therefrom 
and 4 ml of an RPMI1640 medium containing a 7.5 ug/ml plasmid DNA sample, 50 mM Tris'HCI buffer (pH 
7.4). 400 ug/ml DEAE-dextran (manufactured by Pharmacia Inc.) was poured in the petri dish and the 
incubation continued at 37' C for 4 hours. The medium was exchanged with 4 ml of an RPMI1640 

30 containing 150 mM chloroquine, and after a 3-hour incubation at 37' C, the medium was further exchanged 
with an RPMI1640 medium containing 10% FBS. After incubation at 37* C for 3 days, the antiviral activity in 
the medium was detemnined. All of the RPMI1640 media mentioned above were used by adding 100 unit/ml 
penicillin and 100 ug/ml streptomycin thereto. 

As a result, three out of ten culture media showed an antiviral activity of 20 unit/ml or more, and thus 

35 the concerned cryopreserved cDNA library solutions were screened for Eschrichia coli carrying a plasmid 
giving an antiviral activity-producing ability to the COSI ceil, in the following manner. 

Namely, one out of three cryopreserved cDNA library solutions carrying plasmids producing the activity 
was diluted, spread on 10 LB plates each containing 100 ug/ml ampicillin in such a manner that approx. 
600 colonies were formed per plate, and then incubated overnight at 37* C. After preparing replicas thereof 

40 as preservation plates, the ceils were scraped from each plate, suspended in 5 ml of an LB media, and then 
each mixed with 100 ml of an LB media, respectively, containing 100 ug/ml ampicillin. After incubating the 
thus-treated cells overnight at 37' C. the resultant cells were harvested to extract and purify plasmids 
therefrom. Then 20 ug per petri dish of each of these 10 kinds of plasmids were subjected to the transient 
expression of COSI cells according to the DEAE-dextran method, whereby the FelFN-producing ability was 

45 determined. 

As a result, it was determined that one out of ten plasmid samples had the FelFN-producing ability, and 
thus 593 colonies in the concerned preservation plate were transplanted to fresh LB plates containing 
ampicillin, by using tooth picks, at a ratio of approx. 100 colonies per fresh plate. After an overnight 
incubation at 37 C, the cells scraped from each plate and then incubated overnight in 100 ml of an 

50 ampicillin containing-LB medium. Plasmids were extracted and purified from the harvested cells, and the 
antiviral activity-producing ability of each plasmid was determined by the transient expression method. 

As a result, one plasmid sample was determined to have the antiviral activity-producing ability, and thus 
100 colonies of the concerned preservation plate were each incubated in 2 ml of LB medium, and plasmids 
were extracted from these media. The antiviral activity-producing ability of each extracted plasmid was 

55 determined by the transient expression method, a plasmid having the highest antiviral activity-producing 
ability and an Escherichia coli carrying the plasmid were respectively designated as pFelFNI and E. coli - 
(pFelFNI), and this strain was deposited at tiie Fermentation Research Institute Agency of Indu'strial 
Science and Technology, 1-3, Higashi 1 chome Tsukuba-shi Ibaraki-Ken 305. Japan. (FERM BP-1633). 
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(3) Method of Antiviral Activity Determination 

The antiviral activity was determined by using Vesicular Stomatitis Virus as a vims and a feline Fc9 ceil 
(Reference 1) as a sensitive ceil, by CPE method. As a standard reference, an HulFN-a calculated in terms 
5 of NlH's human natural IFN was used. 

(4) Construction of Recombinant Plasmid Comprising DNA Coding for Pel FN 

70 (A) A plasmid pFelFNI was e>ctracted from transformant E coli (pFelFNl) (FERM BP-1633) according 
to the procedure described in Reference 3. 20 ul of the plasmid pFelFNI was completely digested with 
restriction enzymes SFaNI and Hincil, the resulting DNA fragments were separated by agarose gel 
electrophoresis, a DNA fragment of about 750 bp was recovered by electroelution to obtain about 2 ug of 
the DNA fragment, and thus a SFaNI-Hincil DNA fragment containing a region coding for FelFN was 

75 obtained. 

On the other hand. 5 ug of a cloning vector pBM030 (Reference 2) was completely digested with 
restriction enzymes Bglll and Smal. and ligated with the above-prepared SFaNI-HincIl fragment using a T4 
DNA ligase. The reaction mixture was used to transform competent E. coli HB101 (Takara Shuzo Co., Ltd.), 
and the transformed E. coli cells were cultured on an LB plate containing 100 ug/ml ampicillin. to develop 
20 colonies from which "a plasmid was extracted by a alkaline mini-screening method. The plasmids were 
analyzed by a restriction enzyme test using Hindlll, to obtain a plasmid wherein a DNA fragment of about 
750 bp is inserted into the cloning vector pBM030. The DNA segment in the plasmid of about a 100 base 
containing a initiation codon in DNA coding for FelFN was sequenced to obtain a plasmid wherein a DNA 
fragment coding for FelFN is inserted into the plasmid pBM030. This recombinant plasmid was designated 
25 pBmFelFNI , and the construction process thereof is shown in Fig. 2. 

(B) 100 HQ of the plasmid pFelFNI was completely. digested with a restriction enzyme Hinctl. treated 
with a bacterial alkaline phosphatase (BAP), and completely digested with a restriction enzyme Bgll. The 
resulting DNA fragments were separated with agarose gei electrophoresis, a DNA fragment of about 700 bp 
was recovered by electroelution to obtain about 10 ug of the fragment, and thus a Bgll-Hincll DNA fragment 
30 containing a region coding for FelFN was obtained. 

Next, a double stranded DNA having a blunt end 3 bp upstream of the initiation codon ATG and 
extending downstreamwise to a Bgtl site was obtained. Namely, two oligomers, i.e., 34 mer 
(GGGCCACCAAGAAGGAAGAGGGCAGCGCCATATT) and 37 mer 

(AATATGGCGCTGCCCTCTTCCTTCTTGGTGGCCCTGG), were synthesized using a DNA synthesizer from 
35 Applied Biosystems, and after the 34 rner oligomer was treated with T4 Polynucleotide kinase, both 
oligomers were annealed by heating at 90* C for 5 minutes, and then gradually cooled. 

The Bgll-Hincll fragment prepared above and the double stranded DNA oligomer were ligated using a 
T4 DNA ligase, subjected to agarose gel electrophoresis, and a DNA fragment of about 740 bp was 
recovered by electroelution to obtain a DNA fragment containing a region coding for FelFN. 
40 A cloning vector pBM030 was cleaved with a restriction enzyme Bglll, blunt-ended by using mung bean 
nuclease, and then treated with BAP to prevent self-ligation. The DNA fragment containing the FelFN gene 
was treated with T4 Polynucleotide kinase, and ligated with the vector DNA using T4 DNA ligase. 

This reaction mixture was used to transform competent E. coli HB101 cells, and the transformed cells 
were cultured on an LB plate containing 100 ug/ml ampicillin, to develop colonies. Among the colonies, 
45 clones incorporating a DNA fragment of about 740 bp were selected by colony hybridization, using as a 
probe the above-mentioned Bgll-Hincll fragment containing DNA region coding for FelFN. followed by a 
restriction enzyme analysis of plasmids extracted by an alkaline mini-screening metfiod with BamHI and 
Bglll- The plasmids were extracted according to the procedure described in Reference 3, and were 
sequenced in a region of about a 100 bases containing a initiation codon ATG. to obtain the desired 
50 plasmids. These recombinant plasmids were designated pBmFelFN2-1. pBmFeIFN2-2. and pBmFelFN2-3. 
A process for the consti-uctlon of these three recombinant plasmids is shown in Fig. 3. 

Rgure 4 shows the nucleotide sequences encompassing a initiation codon ATG, in the recombinant 
plasmid prepared in (A) and (B). i.e., pBmFelFNI. pBmFelFN2.1. pBmFelFN2-2. and pBmFelFN2-3 which 
encode FelFN. 



55 



(5) Construction of recombinant silkworm nuclear polynedrosis virus recombined with DNA coding for FelFN 
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A recombinant vims was constmcted according to a procedure described in Reference 2. Namely, to 
2.5 ml of a solution containing 50 mM HEPES buffer (pH 7.1). 0.28 M NaCI. 0.7 mM NaaHPO* , and 0.7 
mM NaHsPOA . was dropwise added 2.5 ml of DNA mi>cture [0.25 M CaCla. 10 ug of DNA of silkworm 
nuclear polyhedrosis virus BmNPV T3 (Reference 2), and 65 ug of DNA of a recombinant plasmid 

5 pBmFelFNI. pBmFelFN2-1, pBmFelFN2-2. or pBmFelFN2-3], and 0.5 ml of the resulting solution was 
added to a culture of about 3 x 10^ BM-N cells (Reference 2) plate-cultured in 5 ml of TC-10 medium 
(Reference 4) supplemented with 10% FBS in a 25 cm^ flask, to introduce the DNA into the silkworm cell. 
After 20 hours, the medium was exchanged with a fresh medium, and after a further culturing for 5 days, 
the culture broth was recovered. The culture broth was centrifuged to obtain a clear supernatant, which was 

10 then diluted and added to a culture of plate-cultured BM-N cells, followed by culturing for 7 days. Cultures 
in which viral infection was microscopically obsen^ed and the polyhedra was not fonmed were selected 
(limiting dilution method). The limiting dilution method was twice repeated to clone recombinant viruses, and 
the resulting recombinant viruses comprising DNA coding for FelFN were designated BmFelFNI, 
BmFelFN2-1. BmFeiFN2-2, and BmFelFN2-3. respectively, corresponding to the starting recombinant 

75 plasmids. The BmFelFNI was deposited with the European Collection of Animal Cell Cultures, PHLS Centre 
for Applied Microbiology & Research Porton Down Salisbury SP4 OJG UK under the Budapest Treaty on 
June 27. 1989 as accession No. V89062701. 



20 (6) preparation of recombinant virus solution 



To about 3 x 10^ BM-N cells plate-cultured in 15 ml of TC-10 medium supplemented with 10% FBS in 
75 cm^ flask was added 50 ul of a culture medium of BM-N cells containing one of the recombinant viruses 
cloned in the above. (5). Then, after culturing at 27* C for 5 days, the culture broth was centrifuged at 3.000 
25 rpm for 5. minutes to obtain the supernatant as a recombinant virus solution. Each virus solution was diluted 
to 10"^ of the original concentration, and 1 ml of the diluted virus solution was added to a culture of BM-N 
cells, which were then cultured at 27* C for 7 days. As a result, a viral infection was observed of BM-N cells 
in all of the cultures. 

30 

(7) Production of FeiFN in established silkworm cells 



Four recombinant virus solutions obtained in the above (6) were separately treated as follows. First, 0.5 
ml of the virus solution was added to about 3 x 10^ BM-N cells plate-cultured in a TC-10 medium 
35 supplemented with 10% FBS in a 25 cm^ flask. After 30 minutes, the culture medium was exchanged with 5 
ml of fresh TC-10 medium supplemented with 10% FBS, and culturing was carried out at 27* C for 3 days. 
The culture broth was the centrifuged to obtain a supernatant, and the antiviral activity of the supernatant 
was determined. The results are shown in Table 1. 

40 

(8) Production of FeiFN in established silkworm cells crown in a serum-free nnedium 



To about 3 X 10^ BM-N ceils plate-cultured in TC-10 medium supplemented with 4 g/i y-sast extract. 1 
g/l Pluronic polyo! F-68 (BASF). 10 mg/l codfish oil, 25 mg/l Tween 80, 4.5 mg/i choresterol. and 2 mg/i 
45 tocopherol acetate instead of FBS. in a 25 cm^ flask, was added 0.5 ml of a recombinant virus BmFelFNI 
solution. After 30 minutes, the culture medium was exchanged with a fresh medium having the same 
composition, and culturing was carried out at 27' C for 3 days. The culture broth was centrifuged to obtain a 
supernatant, and the antiviral activity thereof was then determined. FelFN was produced in an amount of 5.8 
x 10^ units/ml culture broth. 

50 

(9) Production of FeiFN In established silkwonn cells by suspension culture 



BM-N cells were cultured in 150 ml of TC-10 medium supplemented with 10% FBS. in a 500 ml 
55 spinner flask at 80 rpm and 27*0. When the eel! concentration reached 5.3 x 10^ cells/ml, 1 mi of the 
recombinant virus BmFelFNI solution prepared in the above (6) was added to the culture, and the 
suspension culture v as continued at 27* 0 for 4 H-y, -e culture broth was recovered and centrifuged to 
obtain a supernatant, and the antiviral activity of the supernatant then determined. FelFN was produced in 
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an amount of 2.1 x 10^ units/ml culture broth. 



(10) Production of FelFN in the body of silkworm 



A virus solution of four recombinant viruses, prepared in the above (6). were separately tested as 
follows. First, 50 ui/head of the virus solution was injected into larvae of . silkworm at the second day of the 
fifth instar stage, and the larvae were kept on a commercial artificial feed (VITA-SILK Co., Ltd.) at 25 C for 
4 days. The uropod was cut and the body fluid was collected in an ice-cooled Eppendorf tube, which was 
then centrifuged to obtain a supernatant, and the antiviral activity of the supernatant was determined. The 
results are shown in Table 1. 

Table 1 



Recombinant 
virus tested 


FelFN produced (units/ml) 


Culture supernatant 
of BM-N ceils 


Body fluid of 
silkworm 


BmFelFNI 
BmFelFN2-1 
BmFelFN2-2 
BmFelFN2-3 


1.9 X 10^ 
1.3x10^ 
1.4x 10« 
1.7x10^ 


7.7 X 1 0' 
4.7 X 1 0^ 
5.5 xlO' 
6.2x10' 



Example 2 



(1 ) Construction of recombinant plasmid comprising DNA coding for FelFN 

A recombinant plasmid comprising DNA coding for FelFN was constructed from the plasmid pFelFNI 

shown in Fig. 1 , by a process shown in Fig. 5. 

Namely. 50 ug of the plasmid pFelFNI was completely digested with a restriction enzyme Xhol. the 
resulting DNA fragments were separated by agarose gel electrophoresis, and a DNA fragment of about 1 .2 
kb was recovered by electroelution to obtain about 10 ug of the DNA. Next, 10 ug of this DNA fragment 
was completely cleaved with restriction enzymes SfaNl and Hindi, and among the resulting DNA fractions, 
about 3 ug of a DNA fraction having about 750 bp in length was recovered as described above. 
Accordingly, a SfaNI-Hincll fragment containing FelFN structural gene was obtained. This fragment was 
iigated with a commercially available plasmid pUGI 8 (Takara Shuzo Co, Ltd.) which had been cleaved with 
restriction enzymes Bamll and Hindi, using a T4 DNA ligase, to construct pUCIFN4. 

Next, 25 ug of the pUCIFN4 was completely digested with restriction enzymes BamHI and Hindi, the 
resulting DNA fragments were separated by agarose gel electrophoresis, and a DNA fragment of about 
0.7kb was recovered by electroelution to obtain about 2 ug of the fragment. 

Next, 5 ug of a commercially available M13mp19 RF DNA (Takara shuzo Co. Ltd.) was completely 
digested' with a restriction enzyme Bgll, blunt-ended by using T4 DNA polymerase, and then self-ligated 
using a T4 DNA ligase to construct a Ml 3 vector lacking a Bgtl cleavage site. This vector was completely 
digested with restriction enzymes BamHI and Hindi, and Iigated with the above-prepared 0.7 kb BamHI- 
Hincll fragment. Next. 10 ug of this recombinant DNA was completely cleaved with restriction enzymes Bgll 
and EC001091. treated with bacterial alkaline phosphatase (Takara Shuzo Go. Ltd.). DNA fragments were 
separated by agarose gel electrophoresis, and a DNA fragment of about 7.9 kb was recovered by 
electroelution. 

Next, a double stranded DNA starting from a Bglll site and ending at an Eco01091 was synthesized. 
Namely, the following four oligonucleotides: 

41 mer (TQGCGC -QGGCTGCAACTCCGTCTQCGTQCTGGGCTGTGAC) 
32 mer (CTGCCTCAGACCCACGGCCTGCTGAACAGQAQ). 
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38 mer (GCCCAGCACGCAGACGGAGTTGCAGCCCAGCGCCACCA), 
41 mer (GCCCTCCTGTTCAGCAGGCCGTGGGTCTGAGGCAGGTCACA) 

were synthesized by a DNA synthesizer (Applied Biosystems) were mixed, treated with T4 polynucleotide 
kinase (Takara Shuzo Co. Ltd.). and subjected to annealing by heating at 90' C for 2 minutes, and allowed 

5 to cool. This double-stranded DNA was ligated with the above-prepared 7.9 kb Bgll-Eco01091 fragment 
using a T4 DNA ligase. 20 ug of the resulting DNA was completely digested with restriction enzymes 
BamHI and Hincll. the resulting DNA fragments were separated by agarose gel electrophoresis, a DNA 
fragment of about 750 bp was recovered by electroelution to obtain about 2 ug of the DNA fragment, and 
thus thereby, a BamHI-Hincll DNA fragment containing a region coding for FelFN was obtained. 

10 On the other hand. 5 ug of a cloning vector pBMOSO (Reference 2) was completely digested with 
restriction enzymes Bglll and Smai, and ligated with the above-prepared BamHI-Hincll fragment using a T4 
DNA ligase. The reaction mixture was used to transform competent E. coli HB101 (Takara Shuzo Co. Ltd.). 
and the transformed E. coli cells were cultured on an LB plate containing 100 ug/ml amplcillin. to develop 
colonies from which "a piasmid was extracted by a alkaline mini-screening method. The plasmids were 

75 analyzed by a restriction enzyme test using Hindlll, to obtain a piasmid wherein a DNA fragment of about 
750 bp is inserted into the cloning vector pBMOSO. The DNA segment coding for FelFN in the piasmid was 
sequenced to identify the desired piasmid. This recombinant piasmid was designated pYU871 . A nucleotide 
sequence of the DNA in pYU871, coding for FelFN, is shown in Rg. 6. 

It differs from that in the plasmids of Example 1 by having the codon GTG (Val) at -9 instead of TCT (Ser). 
20 This modification results in the mature FelFN having the N-terminal sequence shown in Fig. 6, whereas the 
plasmids of Example 1 were found to produce a variable N-terminus. 

(2) Construction of recombinant silkworm nuclear polyhedrosis virus recombined witn DNA coding for FelFN 

25 

A recombinant virus was constructed according to a procedure described in Reference 2. Namely, to 
2.5 ml of solution containing 50 mM HEPES buffer (pH 7.1). 0.28 M NaCI. 0.7 mM NaaHPO* , and 0.7 mM 
NaH2P04 was dropwise added 2.5 ml of a DNA mixture [0.25 M CaCb. 10 ug of DNA of a silkworm nuclear 
polyhedrosis vims BmNPV T3 (Reference 2) and 65 ug of DNA of a recombinant piasmid pYU871]. and 0,5 

30 ml of resulting solution was added to a culture of about 3 x lO^BM-N ceils (Reference 2) plate-cultured in 5 
ml of a TC-10 medium (Reference 4) supplemented with 10% FBS in a 25 cm^ flask, to introduce the DNA 
into the silkworm cell. After 20 hours, the medium was exchanged with a fresh medium, and after a further 
culturing for 5 days, the culture broth was recovered. The culture broth was centrifuged to obtain a clear 
supernatant, which was then diluted and added to a culture of plate-cultured BM-N cells, followed by 

35 culturing for 7 days. Cultures in which a viral infection was microscopically observed and the polyhedra was 
not formed were selected (limiting dilution method). After the limiting dilution method was repeated five 
times, the recombinant virus was cloned by a plaque method. 

Namely, 5 x 10^ of BM-N cells were cultured in a plastic petri dish having a diameter of 60 mrn, and 
after the culture broth was removed, 0.5 ml/plate of a virus solution was added. After incubation at 27" C for 

40 one hour, the virus solution was removed, and 5 ml of TC-10 medium containing 0.75% Sea Plaque 
Agarose (FMC) and 5% fatal bovine serum was added. After the agarose was solidified, culturing was 
carried out at 27° C for 4 to 6 days. Next. 2.5 ml of TC-10 medium containing 0.01% neutral red was 
overlayled on the above culture medium containing agarose, and incubation was carried out at 27 C for 
one day. An agarose portion containing a transparent plaque in which polyhedra has not formed was 

45 aspirated with a Pasteur's pipette and suspended in a small amount of a culture medium, and the plaque 
purification was further repeated twice to clone a recombinant virus. The recombinant virus ttius con- 
structed, which contains DNA coding for FelFN. was designated rBNVIOO. 



50 (3) Preparation of recombinant virus solution 



To about 3 x 106 BM-N cells plate-cultured in 15 mi of a TC-10 medium supplemented with 10% FBS 
in 75cm2 Flask added 50 ul of a culture medium of BM-N cells containing the recombinant viruses cloned 
in the above (2). After culturing at 27* C for 5 days, the culture broth was centrifuged at 3,000 rpm for 5 
55 minutes to obtain the supernatant as a recombinant viois solution. The virus solution was diluted to 10"' of 
the original concentration, and 1 ml of the diluted virus solution was added to a culture of BM-N cells, which 
were ther cultured at 27* C for 7 days. As a result, a viral infection was obsen/: for BM-N cells in the 
culture . 
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(4) Production of FelFN in established silkworm cells 

The recombinant virus solution obtained in the above (3) was treated as follows. First. 0.5 ml of the 
virus solution was added to about 3 x 10^ BM-N cells plate-cultured in a TC-10 medium supplemented with 
10% PBS in a 25 cm^ flask. After 30 minutes, the culture medium was exchanged with 5 ml of fresh TC-10 
medium supplemented with 10% FBS, and culturing was carried out at 27* C for 3 days. The culture broth 
was centrifuged to obtain a supernatant, and the antiviral activity of the supernatant was determined. The 
results are shown in Tabie 2. 



(5) Production of FelFN in the body of sllkwoma 

A virus solution of a recombinant virus, prepared in the above (3), was tested as follows. First, 50 
ul/head of the virus solution was injected into larvae at the second day of the fifth instar stage, and the 
larvae were kept on a commercial artificial feed ( VITA-SILK Co.. Ltd.) at 25' C for 4 days. 
The uropod was cut and the body fluid was collected in an ice-cooled Eppendorf tube, which was then 
centrifuged to obtain a supernatant, and the antiviral activity of the supernatant was determined. The results 
are shown In Table 2. 

Table 2 



Recombinant 
virus tested 


FelFN produced (units/ml) 


Culture supernatant 
of BM-N cells 


Body fluid of 
silkworm 


rBNVlOO 


1.7 X 10^ 


6.6 X 10^ 



(6) Inactivation of recombinant silkworm nuclear poiyhedrosis virus 

The body fluid of a silkworm, obtained in the above (5) and containing 4 x 10^ TClDso/ml of 
recombinant silkworm nuclear poiyhedrosis virus, was adjusted to a pH of 1.5 with 0,1 N hydrochloric acid 
and maintained at 4° C for one day. After neutralization of solution with 2N NaOH, 1 ml of the solution was 
added to a culture broth of BM-N cells, and the cells were not infected with the virus. 

The body fluid of a silkworm, which has been acidated with HCI to inactivate the recombinant virus and 
then neutralized with NaOH solution, was used as a crude FelFN solution. 

(7) Purification of FelFN bv blue-earner 

First, 560 ml of the crude FelFN solution prepared in the above (6) having an FelFN activity of 1.3 x 
10^ U/ml and a specific activity of 4.7 x 10^ U/mg protein was applied to a column containing 27 ml of 
"Blue Sepharose (Fast Flow Type)". After washing the column with a 20 mM phosphate buffer (pH 8) 
containing 0.5 M NaCl the adsorbed FelFN was eluted with 490 ml of 20 mM phosphate buffer (pH 8) 
containing 1 M NaCI. The eluted FelFN fraction contained an FelFN activity of 1.4 x 10^ U/ml and showed a 
specific activity of 3.5 x 10' U/mg protein. The recovery yield of FelFN activity was 94%. and the specific 
activity was increased 74 fold. 



(8) Purification of FelFN using copper chelate carrier 

First. 310 ml of the FelFN elute from the blue carrier described in the above (7) was directly applied to 
a column containing 5 ml of Sepharose, to which copper has been bonded through a chelate linkage, the 
column was washed with 50 mM acetate buffer (pH 4.2) containing 0.5 M NaCl and 50 mM acetate buffer 
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(pH 3.9) containing 0.5 M NaCI. and tiie adsorbed FelFN was eluted with 33 ml of a 50 mM acetate buffer 
(pH 3.6) containing 0.5 M NaCI. The eluted FelFN fraction contained an FelFN activity of 1.1 x 10^ U/ml and 
showed a specific activity of 1.2 x 10^ U/mg protein. The recovery yield was 84%, and the specific activity 
was increased 3.4 fold in this step. 

5 

(9) Determination of molecular weight of FelFN 



The molecular weight of the FelFN was determined for the FelFN sample obtained in the above (8), by 

70 SDS-polyacrylamide gel electrophoresis. 

Namely. 1 ug of FelFN sample was boiled in a solution containing 4% SDS and 10% 2-mercap- 
toethanol and applied to a gel Consisting of a concentration gel having an acrylamide concentration of 5% 
and a separation gel having an acrylamide concentration of 15%, electrophoresis was carried out using a 
Rapidas Minislab gel electrophoresis apparatus (ATTO), at 15 mA. As a molecular weight standard, the 

75 SDS-PAGE Standards. Low Range (BIO-RAD) was used. After electrophoresis, the gel was sequentially 
shaken in 40% methanol- 10% acetic acid and 10% ethanol - 5% acetic acid, in this order, for 30 minutes 
each, and then shaken in a dye solution containing 0.05% Coomassie R250 (BIO-RAD). 25% isopropanol. 
and 10% acetic acid, for 3 hours. The gel was decolored and the molecular weight was calculated. The 
molecular weight of FelFN was 25,000. 

20 

(10) Determination of amino acid sequence of FelFN 



The amino acid sequence of 10 amino acids from the N-terminus was determined using 100 ug of 
25 FelFN obtained in the above (8) and an amino acid sequencer (Applied Biosystems). The N-terminal 
sequence was as follows: 

15 10 
Cys-Asp-Leu-Pro-Gln-Thr-His-Gly-Leu-Leu- — . 

30 

Next, about 1 mg of FelFN obtained in the above (8) was highly purified by reversephase high 
performance liquid chromatography (HPLC) using a Vydac Cis column (The Sep/a/ra/tions Groups and an 
elution condition of a 30 - 50% acetonitrile linear gradient for 20 minutes. The purified FelFN was reduced 

35 with mercaptoethanoi in the presence of 8 M urea to cleave disulfide bonds, the formed cystein residues 
were modified with 4-vinylpiridine, and the product was desalted. The derlvatized FelFN was digested by 
lysyl endopeptidase at 37 'C overnight, and the resulting peptipes were isolated by reversephase HPLC 
using a 5.55% acetonitrile linear gradient for 50 minutes. The longest peptide was re-digested with trypsin, 
and the resulting peptides were separately isolated. Each peptide was hydroiyzed with HCI and the amino 

40 acid composition was determined by an amino acid analyzer (Hitachi). On the other hand, the amino acid 
sequence was determined by an amino acid sequencer for each peptide. The amino acid sequence of each 
peptide was determined from the results of the amino acid composition analysis and sequence analysis. 
The amino acid sequence of FelFN was determined by considering the amino acid sequence of N-terminal 
10 amino acids of FelFN and the DNA sequence coding for FeINF as described above. The amino acid 

45 sequence of FelFN is shown in Rg. 6. 

Although the DNA sequence shown in Fig. 6 encodes the amino acid residue Lys before the stop codon 
TGA, the peptide sequencing showed the residue Glu at the G-terminus. This may be an artifact of the 
sequencing procedure, or it may reflect the absence of G-tennninal Lys in the mature protein. 

50 

(11) Determination of isoelectric point of FelFN 



For the FelFN obtained in the above (8), an isoelectric point was determined. 

Namely, using Phast System (Pharmacia), 1,6 ug of FelFN which has been boiled in the presence of 
55 4% SDS and 10% 2-mercaptoethanol was applied to an electrophonetic gel lEF-3-9 as described in the 
above (9). As the isoelectric point makers, LKB pH 3 - 10 (Pharmacia) were used. After the electrophoresis, 
the gel was stained with silver. The isoelectric point was 6, 
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(12) Analysis of sugar chain of FelFN 

FelFN purified in the above (8) was subjected to SDS-polyacrylanr»ide gel electrophoresis, and the gel 
was PAS-stained to analyze the sugar chain of the FelFN. 

5 Namely. 20 ug of FelFN was applied to a electrophoretic gel having an acrylamide concentration 
gradient of 4 - 20%. i.e., TEFCO mini (TEFCO), after carrying out the SDS-polyacrylamide gel elec- 
trophoresis using as molecular weight makers SDS-PAGE Standards. Low Range (BIO-RAD) and Rainbow 
Markers (Amersham), the gel was stained according to a conventional procedure by a Coomassie stain and 
PAS stain. Both the Coomassie stain and PAS stain showed a band con-esponding to a molecular weight of 

10 25,000. This result confirmed the presence of sugar chains. 

(13) Antiviral effects of FelFN 

75 To 100 ul of a culture broth of feline cells Fc9 (Reference 1) or CRFK (Reference 1) grown confluently 
in a 96 well plate, was added 100 ul of 5.8 x 10^ U/ml FelFN obtained in the above (8) or a medium, and 
the whole was incubated in a carbon dioxide incubator at 37'C for 24 hours. After removing the culture 
broth, 150 tLl of feline calicivirus FRI-14 (CI 4) solution having lO^-^TCIDso^mi was added, and further 
incubation was carried out at 37* C for 24 hours.] After removing the virus, cells adhering to the bottom of 

20 well were stained by crystal violet, and the absorbance at 590 nm (OD590) was measured. The results are 
shown in Table 3. 

Table 3 



25 



Cells 


ODs9o 


FelFN . 


FelFN + 


Fc9 


0.50 


0.90 


CRFK 


0.50 


1.52 



As seen from the above, the FelFN prepared according to the present invention exhibits antiviral activity 
against feline calicivirus. 

The invention has been particularly exemplified in respect of the FelFN encoded by the DNA in pFelFN 
1 (PERM BP-1633). However, other feline interferons can be expressed in the same manner. The encoding 
DNA for such FelFNs can b© obtained as described above, from various cell sources. Alternatively, DNA 
from the FelFN exemplified here can be used as a hybridization probe to isolate FelFNs from various cell 
sources, for example by probing a cDNA or genomic library from such a cell. Depending on the cell source, 
the resulting FelFN may differ from the amino acid sequence depicted herein by virtue of allelic variation, or 
variations reflecting different types or sub-types of FelFN. 

It is also possible to vary the amino acid sequence by manipulation of the DNA or of the resulting 
protein. Such derivatives of the natural amino acid sequence may involve for example insertion, addition, 
deletion or substitution of one or more amino acids, without fundamentally altering the essential activity of 
the FelFN (although of course it may result in enhanced activity). The variations may also affect the 
glycosylation pattern of the FelFN. All such variants of the FelFN exemplified herein, whether synthetic or 
natural, are included within the scope of this invention. 
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Claims 

5 

1. A recombinant silkworm nuclear polyhedrosis vims containing a DNA coding for a protein of feline 
interferon. 

2. A recombinant silkworm nuclear polyhedrosis vims selected from frte group consisting of BmFelFNI 
(ECACC V89062701). BmFelFN2-1, BmFelFN2-2, BnnFeIFN2-3, and rBNVIOO. 

10 3. A process for production of a recombinant silkwomi nuclear polyhedrosis virus constructed by a gene 
recombination of DNA coding for a protein of feline interferon and a silkworm polyhedrosis vims, comprising 
the steps of: 

cotransfecting a recombinant plasmid having a gene coding for a protein of feline interferon and a silkworm 
nuclear polyhedrosis virus DNA Into established silkworm cells; and 
75 cloning the desired recombinant virus. 

4. A process according to claim 3, wherein a plasmid selected from the group consisting of pBmFelFNI , 
pBmFelFN2-1, pBmFelFN2-2. pBmFelFN2-3. and pYU871, 

5. A process according to claim 3. wherein the established silkworm cell is a BM-N cell. 

6. A process for production of a feline interferon comprising the step of growing a recombinant silkworm 
w nuclear polyhedrosis virus constructed by a gene recombination of DNA coding for a protein of feline 

interferon and a silkwonm nuclear polyhedrosis virus. 

7. A process according to claim 6, wherein the recombinant vims is selected from the group consisting of 
BmFelFNI (ECACC V89062701). BmFelFN2-1. BmFelFN2-2. BmFelFN2-3 and rBNVIOO. 

8. A process according to claim 6, wherein the recombinant virus grows in established silkworm cells or the 
25 body of a silkworm. 

9. A process according to claim 8, wherein the established silkworm ceil is BM-N cell. 

10. Feline interferon obtainable by growing a recombinant silkworm nuclear polyhedrosis vims constructed 
by a gene recombination of DNA coding for a protein of feline interferon and a silkworm nuclear 
polyhedrosis virus. 

30 11. Feline interferon according to claim 10, having a molecular weight of about 25,000. 

12. Feline interferon according to claim 10, having the amino acid sequence shown in Fig. 6. 

13. A process for purification of feline interferon obtainable by growing a recombinant silkworm nuclear 
polyhedrosis vims constmcted by a gene recombination of DNA coding for a protein of feline interferon and 
a silkworm nuclear polyhedrosis virus, comprising the steps of purifying the feline interferon by column 

35 chromatography. 

14. A process according to claim 13, wherein the column chromatography uses one or more carriers 
selected from the group consisting of a carrier on which a blue pigment has been bonded and, a carrier on 
which copper has been bonded through a chelate linkage. 
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